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The question of whether or not to inoculate soybean seeds prior to
planting has plagued both growers and researchers in recent years. Sev-
eral reports in the scientific literature (Johnson et al., 1965; Caldwell
and Vest, 1970; Ham et al., 1971; Boonkerd et al., 1978) have indicated
|
ipvery low recovery of the inoculant-bacteria from soybean nodules.
"Weaver and Fredericks (1974a) found that when soybeans were grown
in Iowa soils containing 1,000 or more Rtiizobium japonicum per gram,
the roots were not likely to be extensively nodulated by the inoculant
rhizobia when it was applied at normal rates of less than 10,000 rhizobia
per seed. In a companion study (1974b), they predicted that if the
inoculant-rhizobia were to form 50 percent of the nodules, an inocula-
tion rate of at least 1,000 times the soil population per gram would have
to be used. At the same time, Kvien et al. (1978) noted in greenhouse
and field experiments that both nitrogen fixation and seed yield could be
increased through proper Rhizobium strain selection. Researchers in Ar-
kansas (Wolf and Nester, 1980) have reaffirmed that use of a good ino-
culant may be necessary when soybeans are grown in fields where the
nodulating rhizobia are not present. However, most researchers in the
South are of the opinion that if soybeans were well nodulated in one
growing season, they will be nodulated in that same field in subsequent
years. Some recommend inoculation every 4 to 5 years.
When one sifts through the conflicting reports, it is apparent that this
lack of general agreement would not lend itself well to making an inocu-
lation recommendation to Louisiana soybean growers. Inoculation prob-
lems in Louisiana are unique to the state and cannot be solved by re-
search reports from states in the Midwest or even other southern states.
Vox this reason a study was initiated in the Department of Agronomy of
the Louisiana Agricultural Experiment Station in 1979 to investigate the
effects of inoculation of seed on nitrogen fixation and seed yield of
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soybeans. Four year's outfield data were gathered from cooperating Loui-
siana farmers located throughout the state. Tests were conducted on both
first-year soybean land and in fields previously cropped to soybeans.
Test Procedures
In 1979, a letter was sent to most Louisiana Cooperative Extension
Service parish agents located in the soybean growing areas of Louisiana
asking them to aid in locating farmers who would cooperate in a soy-
bean inoculation test. Eighteen growers in 15 parishes agreed to cooper-
ate. In 1980, 10 outfield tests were planned but only four were success-
fully carried to completion. In 1981, 13 tests were conducted at nine
outfield locations. In 1982, three test sites were used. These test areas
are shown in Figure 1
.
All participating growers agreed to plant both inoculated and uninocu-
lated soybean seed within one field. Almost all of the participants al-
ready used an inoculation program so the usual procedure was to plant
several planter box widths of uninoculated seed when first beginning to
plant the test field. This usually varied from 12 rows to 50 or more rows
of uninoculated seed. Usually it consisted of one planter box (several
bushels) of seed. These strips extended the entire distance of the field
regardless of length. Once the uninoculated seed were planted, the hop-
per box was filled with inoculated seed of the same cultivar and planting
was resumed. The dividing row was plainly marked for future reference.
In one exception, one grower indicated he was not going to inoculate his
seed. Inoculum was provided to him and he reversed the previous pro-
cedure, first inoculating and then continuing with uninoculated seed. No
attempts were made to influence the growers with respect to brand or
type of inoculant used. All inoculants were applied by the farmer and all
subsequent management practices were carried out by him according to
his own plans.
In 1979, nodulation and nitrogen fixation were checked once at all lo-
cations. This was done as close to flowering as possible. In 1980, 1981
and 1982, these tests were conducted twice at each location, once ai"
flowering and again at early pod fill. Ten plant samples were carefully
excavated within a large area of both inoculated and uninoculated areas.
Large distances were maintained between the two sampling areas. Sam-
pling was never conducted on the several outside rows so as not to en-
counter border effects. Nitrogen fixation rates were determined by the
Acetylene Reduction technique right in the field (Hardy et al., 1968).
This is a test in which acetylene (C2H2) is preferentially fixed to
ethylene (C2H4) by the nitrogen-fixing system of the plant. Although it
is not possible to express these values as nitrogen fixed without the use
of a second test (
15N2 reduction), it is a valuable tool to compare rates of
4
fixation between treatments. The roots were removed to the laboratory
and nodule numbers and nodule dry weight were determined. Ethylene
was determined with a Perkin-Elmer gas chromatograph. Rates of reduc-
tion were then calculated from these data.
Seed yields were obtained when the farmer was ready to harvest the
lest field. Just prior to harvesting, 10 yield strips were measured out
within the center of each test area and marked with brightly colored
flags. In most instances, each yield strip was 25 feet in length. In a few
tests, 50-foot harvest strips were used. These lengths were dictated by
the number of rows that the farmer's combine would accommodate.
When more than four rows were harvested, it was difficult to hold the
test sack in place for more than 25 feet. The actual harvesting was per-
formed by two people located inside the combine box. The combine was
run through 50 to 100 yards of row to allow a full flow of seed into the
catch box. One person then indicated the start and finish of each test
strip while the other held a large sack under the delivery tube of the
5
combine. Strips were left between each yield strip to allow for switching
to the next sack. Seeds continued to enter the box during this time as
harvesting was still continuing on the test rows.
Seed weights were taken immediately in the field. All seeds, with the
exception of a small moisture sample, were then left in the combine.
Yields were determined at 13 percent moisture content. All data pertain-
ing to nodulation and nitrogen fixation were analyzed by a completely
randomized design for each farmer's field. For data analysis, the SAS
analysis of variance program was used and computations were done
through the Systems Network Computer Center at LSU. Yield data were
handled by a more restrictive test. Yield values for new and previously
cropped soybean land were compared using an analysis of variance for a
randomized block design with fields as blocks. An estimate of error varN
iance was calculated. Using this value, yield differences from individual
fields were tested for significance and confidence intervals for mean
yield differences were obtained.
All soil properties were determined by the LSU Soil Testing Laborat-
ory.
Results
Test sites for the 3-year soybean inoculation study are shown in Fi-
gure 1. Although some growers cooperated in more than 1 year, no two
tests were ever conducted on the same field. The locations indicate that,
during the 3-year period, tests were conducted in most of the soybean
growing areas of the state.
A complete list of all of the cooperators, arranged alphabetically by
parish, is shown in Table 1. Data on the brand of inoculant, soybean
seed variety, and row spacings employed in the tests, plus some soil
chemical and physical properties, are also listed. Each location is also
classified by whether or not it had a previous history of soybean growth.
These data indicate that the tests encompassed diverse choices within
each column of the table. Two different types of seed inoculant were
employed. One was a peat-base inoculant, i.e. Nitragin or Rudy Patrick,
while the second type was an oily liquid, Setre or Kalo's Triple Noctin.
Forrest was the most popular choice of seed varieties and it was used at
13 of the locations during the 3-year period. Davis was used as the test
variety at five locations, while Bragg, Ransom, and the Terra Vigs were
each used at four different sites. Centennial and Tracy were the choices
at three locations, and Bossier, DPL 345 and 506, Hood, Lee, and SRF
450 were each used at one location.
Row spacings varied from broadcast and closely drilled rows to the
more standard 30- to 40- inch row spacings.
One objective of the study was to determine the response of seed in-
oculation on land that had no previous history of soybean growth (new
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soybean land). This would be the land that would be most likely to have
no indigenous populations of Rhizobium joponicum and therefore
would
be most apt to respond to seed inoculation with the nodulating
bacteria.
Seventeen of the tests were put on land planted to soybeans for the
first
time, while 26 of the sites had a previous history of soybean
growth.
Soil texture varied from light-textured soil, very fine sandy loam
(vfsl), to heavy clay (c) soils. Most of the tests were on medium-
textured, silt loam (sil) soils to heavy textured, silty clay loam (sicl) or
clay (c) soils.
The pH values encountered ranged from 5.0 to 7.6. Most soil pH val-
ues were in the pH 6 to 7 range. This is a desirable pH range with re-
spect to nodulation and growth of soybeans. Alexander ( 1977) indicated
*ihat rhizobial infection of leguminous root systems is adversely
affected
by pH values below 5.0. None of the pH values for the test soils fell
below this value, although two locations did have pH values of 5.0.
Organic matter percent varied from 0.39 percent to 4. 14 percent. The
maximum value was considered unusually high for Louisiana soils and
most of the locations had organic matter contents in the range of 1 per-
cent to 2 percent.
Phosphorus values varied from 10 to 277 parts per million (ppm),
potassium ranged from 30 to 473 ppm, and calcium and magnesium
values ranged from low values of 261 and 32 ppm, respectively, to in
excess of the test limits, 4,000 and 1 ,000 ppm, respectively.
Nodulation and N2 fixation values, measured in terms of reduced
acetylene, are summarized in Table 2. The acetylene reduction
technique is an accepted standard method used to measure rates of N2
fixation. When nitrogen is fixed by a soybean plant, N2 reacts with H2
within the nodule and NH 3 and then amino acids are quickly formed:
nodulated
> N„ > amino acids
- 2 soybean roots 3
H It is very difficult to test this rate of fixation in the field. However,
it
is quite easy to shut this system off with acetylene. The plant can then







> H 2C=CH 2
soybean roots
Although the rates of ethylene to reduced nitrogen usually are not
found to be in a 3:1 ratio as it would appear from the equations, the test

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Data in Table 2 summarize nodulation, i.e. nodule number and dry
weight, and nitrogen (C2H2) fixing abilities of the plants, plus seed yield
for the entire period. The first row (YES) of values for each location
gives the average values found on the plants grown from inoculated
seed, while the second row (NO) values are the data from plants grown
from uninoculated seed. These data summarize the results gathered from
43 separate tests. In a few instances, one grower provided two or more
different fields in a single year and several growers cooperated for 2 or
more years, but no two tests were ever planted on the same field during
the 4 years of the experiment. Occasionally something interfered with
gathering either nodulation and nitrogen-fixing data, or yield data, but
never were both parameters lost from any of the test locations.
No statistically significant differences in any of the six parameters
were noted at 22 of the 43 fields during the 4 years of the test. These
fields comprised 51 percent of the total population. Statistical differ-
ences, both increases and decreases, were therefore detected in at least
one parameter during the growing season at 49 percent of the locations.
Summarizing the statistical data for nodulation (nodule number and
nodule dry weight) indicated five statistical decreases in nodule number
with no increases in 1979. One location had a significant increase in
nodule weight, while two had significant decreases. In 1980, two sig-
nificant increases occurred in nodule weight with one decrease in nodule
number. Three statistically significant increases occurred in nodule
number and in dry weight in 1981 while one significant decrease in each
parameter also occurred. In 1982, there was one significant decrease in
nodule number.
Nitrogen (C2H2) fixation parameters in 1979 indicated significantly
higher values for C2H4 produced per nodule at two locations with one
corresponding decrease. Five C2H4 values per plant and three per gram
of nodule were lowered significantly by the inoculation treatments. In
1980, one value was significantly lower than the inoculated value. This
was the value of C2H4 produced per nodule at the Acadia location. In
1981, results were split almost evenly with two significant increases and
two decreases in C2H4 produced per plant and per gram of nodule, and,
two increases versus three decreases with respect to C2H4 produced per
nodule. Significant decreases were noted at one location (St. Landry) for
all three values in 1982.
Seed yields were analyzed to test for differences of inoculated versus
uninoculated soybeans and to estimate the magnitude of seed yield dif-
ferences. Separate analyses were also conducted on previously cropped
soybean land and on new, first-year bean land. Results of these analyses
indicated that inoculated test areas yielded significantly higher (P < .05)
than uninoculated areas. The average yield difference was 1.9 bushels
per acre. Confidence limits (95 percent) for the average yield increases




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The average seed yield increase from the use of inoculum on new
soybean land was 2.4 bushels per acre with 95 percent confidence limits
of —0.1 to 4.9 bushels per acre. The average seed yield increase on land
previously cropped to soybeans was 1.5 bushels per acre with 95 percent
confidence limits of -0.4 to 3.5 bushels per acre. Neither of the latter
two were significant beeause of the lower number of observations per
mean when the entire test (inoculum versus no inoculum) was split into
inoculum versus no inoculum for the 12 new land sites or the 19 old
bean field sites.
Discussion i
Nodulation and nitrogen (C2H2) fixation parameters did not support
the need for soybean seed inoculation at planting. Values in 1979, 1980,
and 1982 were predominantly against the practice of inoculation while
1981 values were slightly in favor of seed inoculation. Nodulation and
nitrogen fixation values are evaluated during a 1-hour period chosen ar-
bitrarily at flowering and pod-fill and may not totally represent what
happens during an entire growing season.
Seed yield values presented a different picture with respect to the
need for seed inoculation. No reason can be given for the significant de-
crease in yield at the Beauregard location in 1979. Occasionally a strain
of Rhizobium japonicum can cause temporary adverse effects in soybean
plants but these influences are usually overcome within a period of sev-
eral days and are never reflected at harvest time. The statistically sig-
nificant increases in seed yield over all locations does, however, present
a good argument to advocate preplant inoculation of soybean seed on
both "old" and "new" soybean land.
The seed yield increase at the Iberia locations in 1979 could possibly
have been a molybdenum and/or fungicide response. The inoculant used
at that site contained both molybdenum and fungicide mixed with the
nodulating bacteria. Since the soil had a very acid pH value of 5.0, a,
molybdenum response may have been measured. There was no apparent
fungal damage in the uninoculated plots, which would rule out any fun-
gicide effect. The pH values were considered quite acidic for soybean
growth and the plants could have been in need of additional molyb-
denum for maximum plant growth and yield.
The remaining three seed yield increases all occurred on new, first-
year bean land. Although statistical analyses did not demonstrate sig-
nificance with respect to yield increases from inoculation on new land in
general, this data would present a strong argument for the use of in-




Nodulation and nitrogen (C2H2) fixation test parameters did not present
much evidence to support the need for soybean seed inoculation at plant-
ing. However, seed yield values did indicate some statistically significant
responses. Of the 43 test areas, yield data were gathered at 31. Five
statistically significant increases in seed yield were found. This comprised
16 percent of the test locations. One significant decrease (3 percent) in seed
yield also occurred. Of the five significant increases in seed yield, one
could possibly have been a molybdenum response by the plants that were
grown in a soil that was considered quite acidic for soybean growth.
Although it is certainly a desirable management practice to provide small
amounts of molybdenum to the plants under these acidic conditions,
molybdenum in direct combination with live rhizobia in an inoculum is not
a good way to provide it. There is good evidence (Burton and Curley, 1966;
Hiltbold et al., 1980; Skipper et al., 1980) that inoculants which contain
molybdenum and/or fungicide (such as Triple Noctin did in 1 979) probably
did not contain many live rhizobia due to the lethal effects of the molyb-
denum and fungicide. These combination products are now usually sold in
separate containers to be mixed just prior to inoculating and sowing the
seed. Each grower should determine his own economics if he is faced with
a need for rhizobial seed inoculant and molybdenum and/or fungicide.
There are ways to accomplish this that are compatible with the rhizobia.
The other four significant yield increases in these tests were attributed
to inoculation of seed with the inoculant-rhizobia. That was still a 13
percent overall response to inoculation. In all instances, the inexpensive
peat-base inoculants were used.
These results indicated that a soybean grower could easily decide not
to inoculate his seed and stand a good chance of suffering no ill effects
with respect to final seed yield. In no instance did any grower ever suf-
fer a crop failure due to lack of inoculation. However, the cost of seed
Peculation with the inexpensive but adequate peat-base materials is very
low. Although peat-base products vary in cost from location to location,
it is still possible to inoculate at a cost of less than $1.00 per acre. The
cost in time is only a few minutes at planting. Planter box inoculation,
although not the best way to inoculate, requires no additional equipment
with the exception of a stick to stir the seed and inoculum together. No
additional field transportation or planting costs are involved. The cost of
the inoculum, compared with the cost of soybean seed, fertilizer, her-
bicides, fungicides, nematocides, adjuvants, fuel, etc., is negligible.
Statistical analyses of data from all locations did indicate that a soybean
grower could expect a significant increase of about 1.9 bushels per acre
from inoculation. This would more than pay for the peat-base inoculum.
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In fact, even after subtracting 0.2 bushels per acre as the cost for in-
oculum, we can say with 95 percent confidence that the expected yield
profit from inoculation in Louisiana would be about 0. 1 to 3.2 bushels
per acre.
Soybean seed inoculation with a reputable inoculant seems like an in-
expensive form of insurance for the Louisiana soybean grower regard-
less of whether he is planting on land that will be put into soybeans for
the first time or on "old" soybean land.
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